Introduction {#Sec1}
============

Monosodium glutamate \[(MSG), (e-number E621)\], is known to be one of the most widely used food enhancer \[[@CR1]\], apart from the common table salt. MSG is a derivative of glutamate and an abundant non-essential amino acid in nature. The average daily intake of MSG in humans is estimated to be 300--1000 mg, although this varies in different countries \[[@CR2]\]. Organizations and nutritionists endorse it and also reiterate its safety in humans \[[@CR3]\], however, debates persist over the health implications of MSG consumption. Several animal studies have linked MSG with oxidative stress and toxicity to the liver, kidney or reproductive organs \[[@CR4]--[@CR7]\]. Recently, studies have shown an adaptive response to oxidative stress in *Drosophila melanogaster* and a reduction in life span after short exposure to MSG diet \[[@CR8]\]. However, another study in *D. melanogaster* showed that MSG could be safe at extremely low concentrations, though high concentration caused alterations in catalase activity \[[@CR9]\].

The cockroach is a promising model being utilized for toxicological and behavioural experiments \[[@CR10]--[@CR13]\]. The biophysical principles of nervous system function in insects and mammals are analogous because they possess similar neurotransmitters, albeit their distributions vary widely \[[@CR14], [@CR15]\]. Thus, as an alternative to conventional animal models, the present study investigated the effect of MSG compounded diet on acetylcholinesterase, as well as markers of oxidative stress and antioxidant activity in *N. cinerea*.

Main text {#Sec2}
=========

Materials and methods {#Sec3}
---------------------

### Chemicals {#Sec4}

Monosodium glutamate (MSG 99% purity Ajinomoto^®^) was gotten from Carrefour supermarket in Santa Maria-RS, Brazil. Sigma Aldrich (St. Louis, MO, USA) supplied sodium chloride, glutathione, 1-chloro-2,4 dinitrobenzene (CDNB), 5ʹ,5ʹ-dithiobis-2-nitrobenzoic acid (DTNB), acetylthiocholine iodide, and hydrogen peroxide (H~2~O~2~). All other chemicals were of high purity while the water was glass distilled.

### Cockroach husbandry and experimental protocol {#Sec5}

*Nauphoeta cinerea* was obtained from Departamento de Bioquímica e Biologia Molecular, CCNE, Universidade Federal de Santa Maria, Brasil. Plastic boxes (45.5 cm × 40.2 cm x 29.5 cm) were used to rear the nymphs before some were randomly selected into transparent boxes (25 cm x 17 cm x 7.5 cm) for the experiment. They were acclimatized in the transparent box for 10 days before exposure to MSG diet and maintained at a temperature and humidity of ± 26 °C and ± 75% respectively. Nymphs of *N. cinerea* were selected for this study because it is the most active developmental stage and their age can be estimated from the length. In addition, the adults rarely increase in length. The nymphs used for both studies had lengths ranging from 1.09 to 1.76 cm at the start and 1.12 to 1.86 cm at the end of the experiment.

The insects could freely access water and standard dog food as composed in Afolabi et al. \[[@CR10]\] during rearing and adaptation. For the diet, MSG (1% or 4%) or NaCl (1% or 4%) was mixed with a 20 g diet containing 10 g milled corn flour, 7 g wheat flour, 2 g granulated sugar, 0.5 g casein, 0.4 g powder milk and 0.1 g table salt and stored at -20 °C. Both studies consisted of 3 groups of 30 nymphs each, nymphs from the first study were exposed to basal diet (control), 4% NaCl and 4% MSG, while nymphs for the second study were exposed to basal diet (control), 1% NaCl and 1% MSG for 30 days respectively. These periods of exposure and concentration were chosen based on prior food preference studies (1, 2, 3 and 4% of NaCl and MSG) which showed nymphs of cockroaches consumed more diet compounded with 4% MSG, hence a lower concentration was also chosen. The nymphs consumed about 42 mg/day of the MSG diet (Data not shown).

### Determination of acetylcholinesterase (AchE), oxidative stress and antioxidant activity markers {#Sec6}

Following the period of exposure, nymphs were anaesthetized on ice, the heads carefully excised, weighed and homogenized in ice-cold 0.1 M phosphate buffer, pH 7.4, using 100 mg head: 1 mL buffer and centrifuged at 2500× *g* for 10 min at 4 °C to obtain a supernatant that was utilized for biochemical estimations. The protein content was estimated using UV--visible 1650 PC Spectrophotometer (Shimadzu) at 280 nm.

Acetylcholinesterase activity was estimated with the method of Ellman et al. \[[@CR16]\]. We used 110 μL distilled water, 50 μL 0.1 M potassium phosphate buffer (pH 7.4), 30 μL sample (0.8 mg/ml protein), 20 μL 10 mM DTNB, and 20 μL 8 mM acetylthiocholine. The Spectra Max plate reader was set at 412 nm, 24 min (30 s interval) and results were expressed as μmolthiocholine formed/min/mg protein.

The quantification of 2′,7′-dichlorofluorescein (DCFH) oxidation to assess the intracellular level of RONS, a general index of oxidative stress was done \[[@CR17]\]. The mixture consisted of 150 μL 0.1 M potassium phosphate buffer (pH7.4), 40μL distilled water, 5μL 200 μM DCFH-DA and 5 μL tissue sample (0.2 mg/ml protein). The emission of DCF fluorescence resulting from DCFH oxidation was analyzed for 45 min (30 s intervals) at 488 and 525 nm, excitation and emission wavelengths respectively, using a spectra Max plate reader (Molecular Devices, CA, USA). The rate of DCF formation was expressed as arbitrary units.

Thiobarbituric acid reactive substances (TBARS) were measured according to the established method \[[@CR18]\]. Heads of cockroaches were homogenized in the ratio 1 mg to 5 μL 0.1 M potassium phosphate buffer (pH 7.4). 200 μL of the resultant supernatant and 400 μL of stock reagent (equal ratio of trichloroacetic acid (10%, w/v) and 2-thiobarbituric acid (0.75%, w/v) in 0.1 M Hcl) were incubated (95 °C, 60 min), cooled, centrifuged (8000 x g, 10 min) and read at 532 nm. Weight of cockroach head was used to normalize results that were expressed as nmol MDA/g tissue.

Catalase activity measures the rate of disappearance of hydrogen peroxide. The reaction medium consisted of 850 μL 0.05 M potassium phosphate buffer (pH 7.0), 60 μL sample (0.8 mg/ml protein), and 90 μL 500 mM hydrogen, peroxide according to the method of Aebi \[[@CR19]\] with slight modifications. The assay was monitored for 4 min (20 s interval) at 240 nm using a spectra Max plate reader (Molecular Devices, CA, USA) and the results were expressed as μmol of H~2~O~2~ consumed/min/mg protein.

Glutathione-S-transferase activity was estimated by modifying the method of Habig and Jakoby \[[@CR20]\]. The system had 135 μL 0.1 M potassium phosphate buffer (pH 6.5), 50 μL of tissue sample (0.2 mg/ml protein), 100 μL 3 mM glutathione, and 15 μL 20 mM CDNB. The spectra Max plate reader was set at 340 nm, 18 min (30 s interval) and results were expressed as μmol/min/mg protein.

Statistical analyses {#Sec7}
--------------------

Data were expressed as mean ± standard error of mean. One-way analysis of variance (ANOVA) and Tukey's post hoc test were utilized for data analyses and significance was considered at p \< 0.05.

Results {#Sec8}
-------

### Acetylcholinesterase (AChE), redox and antioxidant activities of cockroaches exposed to 4% MSG and 1% MSG for 30 days {#Sec9}

There was no significant difference in AchE (Fig. [1](#Fig1){ref-type="fig"}b), redox (Fig. [2](#Fig2){ref-type="fig"}b, d) and antioxidant activities (Fig. [3](#Fig3){ref-type="fig"}b, d) in cockroaches exposed to 1% MSG. Cockroaches exposed to diets containing 4% MSG showed a significant decrease in AChE activity by 40% (Fig. [1](#Fig1){ref-type="fig"}a), significant increase in RONS activity by 42% (Fig. [2](#Fig2){ref-type="fig"}a), no significant difference in TBARS levels (Fig. [2](#Fig2){ref-type="fig"}c), significant decrease in CAT activity by 49% (Fig. [3](#Fig3){ref-type="fig"}a), and significant decrease in GST activity by 15% (Fig. [3](#Fig3){ref-type="fig"}c) when compared to the basal group (control).Fig. 1Acetylcholinesterase (AChE) activities of nymphs exposed to 4% MSG (**a**) and 1% MSG (**b**). The data are expressed as mean ± standard error mean (SEM). (a) differs significantly from the basal (p \< 0.05)Fig. 2Oxidative stress markers in head homogenate of nymphs exposed to 4% MSG and 1% MSG. **a**, **b** RONs levels. **c**, **d** TBARs levels. The data are expressed as mean ± standard error mean (SEM). (a) differs significantly from the basal (p \< 0.05)Fig. 3Antioxidant levels in head homogenate of nymphs exposed to 4% MSG and 1% MSG. **a**, **b** Catalase activities. **c**, **d** Glutathione-S-transferase (GST) activities. The data are expressed as mean ± standard error mean (SEM). (a) differs significantly from the basal (p \< 0.05)

Discussion {#Sec10}
----------

There has been widespread use of alternative models in neuroscience to assess the safety and toxicity of chemical substances \[[@CR21], [@CR22]\]. *N. cinerea,* a valid alternative model organism for basic toxicological studies has been reported to offer new insights for translational neuroscience research \[[@CR12]\]. MSG has been established as a neurotoxicant in rodents and has recently been demonstrated to induce an adaptive response to oxidative stress in *Drosophila melanogaster* \[[@CR8], [@CR23], [@CR24]\]. The present study reports some biochemical endpoints in the *N. cinerea* model following exposure to diets containing 4% MSG and 4% NaCl as well as, 1% MSG and 1%NaCl for 30 days.

Acetylcholinesterase (AChE) hydrolyses acetylcholine at synapses into thiocholine and acetic acid, thus playing a role in cholinergic neurotransmission as a biomarker for evaluating the functioning of the nervous system and the diagnosis of neurodegenerative diseases. Our study showed 4% MSG-treated cockroaches presented decreased AChE activity. Neurotransmission in the insect brain has both cholinergic and glutamatergic components \[[@CR25], [@CR26]\] and findings by Ortuño-Sahagún et al. \[[@CR27]\] depict cholinergic interneurons in the cerebral cortex as major targets for glutamate---the main excitatory neurotransmitter in insects. It is therefore plausible that the administration of a glutamate source would enhance acetylcholine availability probably by suppressing AChE activity.

Chromosomal damage, as well as increased generation of reactive oxygen and nitrogen species are widely reported in insects exposed to MSG \[[@CR8], [@CR28], [@CR29]\]. We equally found significant increase in RONS generation in 4% MSG treated cockroaches, though TBARS levels were unaffected. The brain is known to be susceptible to free radical damage because of its high concentration of polyunsaturated fatty acids, relatively low antioxidant capacity, high rate of oxygen use, and high concentration of transition metals in some of its' regions \[[@CR30]\]. Reports differ on the effect of MSG on *Drosophila melanogaster* antioxidant response \[[@CR8], [@CR9]\] we herein show reduced CAT and GST activities in *N. Cinerea* exposed to 4% MSG, suggesting that MSG might overwhelm the antioxidant and detoxification capabilities of insects. It is clear that at high concentration, MSG may disrupt antioxidant defence systems, nevertheless, nymphs exposed to 1% MSG showed no significant alterations in all parameters evaluated. We hypothesise that MSG is not toxic at low concentrations in the *N. cinerea* model, hence the safety of small concentrations of MSG for human consumption, even though clinical studies on MSG toxicity are scanty in the literature.

Limitation {#Sec11}
==========

More information to establish the outcome of this study would be acquired if more antioxidant enzyme activities and glutamate levels were assessed in the heads of nymphs of exposed cockroaches. Moreover, this study shows basic information on the likely toxic effect of high concentration of MSG based on the activities of the antioxidant enzymes and primary cholinesterase (AChE) evaluated.
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